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157] ABSTRACT

A method of clocking integrated circuit chips. A pulsed
laser striking an integrated circuit module substrate 18
diffused through the substrate and exits the opposite
surface as diffused light pulses. An integrated circuit
chip mounted on the top surface of the substrate has
optical receivers. The optical receivers recelve pulsed
energy from the diffused light pulses, converting pulsed
light to electrical pulses that clock the chip.

3 Claims, 3 Drawing Sheets
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METHOD OF CLOCKING INTEGRATED CIRCUITY
CHIPS

FIELD OF THE INVENTION

The present invention is related generally to clocking
integrated circuit chips in particular to methods of opti-
cally clocking integrated circuit chips.

BACKGROUND

Methods of electrically clocking integrated circuit
chips are well known in the art. Typically, an integrated
circuit chip mounted on a substrate has one or more
chip pads dedicated to receiving electrical clock signals.
A typical electrical clock signal path is: From an edge
connector pin on a printed circuit board; over printed
circuit wiring; through a pin on a module substrate;
over substrate wiring; to a pad in a chip mounting loca-
tion where solder or a wire bond provides an electrical
connection between the substrate and the chip. This
electrical clock signal 1s connected to a receiver on the
chip that drives and redistributes the clock on the chip.

Electrical clock distribution methods have several
problems. First, while a clock signal may come to a
single pin on the substrate from the printed circuit card,
when the clock is distributed to different chips on the
substrate, it does not reach all chips simultaneously
because there is a different delay for each clock path.
Since each clock path has a different delay, the clock
edges reach different chips at slightly different times,
therefore, the clock edges are skewed. Ideally, the
clock edges should be unskewed for all chips, i.e., the
edges reach every module chip simultaneously. Because
the clock edges reach different chips at different times,
skew causes timing variations for different chips on the
same substrate. To compensate for skew in these prior
art multi-chip modules, a settling time was added to
offset the clock skew. The settling time, which sets the
lower limit for a clock period, limits maximum clock
frequency, thereby limiting circuit performance.

Skew problems aside, distributing the clock around
the substrate to different chips is complicated. Usually
the clock wiring must be distributed on several different
wiring layers. Consequently, this compliicated multi-
layer clock wiring has: A high capacitive load resulting
from the capacitance between wiring on the different
layers; A high inductance loading; and suffers from
transmission line effects, all of which exacerbate skew.

Electrically distributed clocks are also sensitive to
electromagnetic noise. Electromagnetic noise coupled
from adjacent substrate signal lines to the clock lines
could cause noise spikes large enough to produce false
clock pulses or ghosts. These false clock pulses may
cause inadvertent changes in the chip’s state. Since
these pulses are inadvertent, they are hard to detect,
nearly impossible to correct, and very often lead to
intermittent timing errors. Intermittent timing errors
have caused whole projects to be scrapped.

A second prior art approach to clock distribution 1s to
route the clock optically through optical fibers on the
substrate. An optical clock signal is directed through
the optical fiber to an optical receiver on the chip. The
receiver converts the optical clock signal to an electn-
cal clock signal that is distributed on the chip. Although
this approach solved the skew, distribution, and electro-
magnetic noise problems encountered with the electn-
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2

cal clock distribution, attaching optical fibers to the
substrate also had drawbacks.

First, optical fibers use valuable wiring real estate.
Typically, electrical wiring lands are 2 mils wide. An
optical fiber is 6-12 mils. Thus, each optical fiber uses
three or four wiring channels creating blockages in the
wiring layer and reducing the number of available wit-
ing channels. Consequently, the number of layers re-
quired to wire the other signals between chips is in-
creased. Furthermore, optical fibers do not bend easily.
Thus, routing optical clocks to multiple locations
quickly becomes unfeasible. Attaching optical fibers to
the substrate 1s difficult, expensive, and the substrates
are not reworkable.

PURPOSES OF THE INVENTION

It 1s the purpose of the invention to reduce clocking
skew for integrated circuit chips on a substrate.

It 1s another purpose of the invention to improve
clock distribution on a substrate having multiple inte-
grated circuit chips.

It is another purpose of the invention to simplify
clock distribution on integrated circuit chip packages.

It 1s a purpose of the invention to reduce integrated
circult chip clock sensitivity to electromagnetic noise.

It 1s another purpose of the invention to reduce the
cost of clocking integrated circuit chips using an optical
clocking scheme.

It 1s another purpose of the invention {0 minimize the
problems for electrical real estate associated with opti-
cal clocking schemes for integrated circuit chips.

SUMMARY OF THE INVENTION

The present invention 1s a method of clocking inte-
grated circuit chips mounted on a substrate. A laser is
pulsed at the intended clock rate. The pulsed laser
strikes the bottom surface of the substrate. The laser
passes through the substrate, pulsing optical receivers
on one or more integrated circuit chips. Each receiver
converts the laser pulses into electrical pulses that clock
the chip.

DRAWINGS

FIG. 1 1s a diagramatic representation of the pre-
ferred embodiment of the present invention.

FIG. 2 shows the absorption edges for ionic crystal-
line substrate material.

FIG. 3 shows the extinction coefficient verses light
wavelength for several substrate dopant materials.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 diagramatically represents the integrated cir-
cuit chip clock assembly of the preferred embodiment
of the present invention. An integrated circuit chip 10
with optical receivers 12 1s mounted on a top surface 20
of a substrate 14. The substrate material may be glass
ceramic or alumina (AL20O3). A pulsed laser 16 broad-
casts pulses of monochromatic light at a bottom surface
18 of the substrate 14. The laser 16 pulse rate is the
selected clock rate. The laser pulses striking the sub-
strate surface penetrate the substrate 14 and are diffused
through the substrate 14. Diffused light emerging from
the top side 20 of the substrate 14 strikes the chip’s
optical receivers 12. Each optical receiver 12 converts
the pulsed-diffused light to an electrical clock pulse.
The clock (pulses) is (are) redistributed electronically to
the integrated circuits on the chip 10. If more than one
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integrated circuit chips 10 are mounted on the substrate
14, then the diffused light pulses strike optical receivers
12 on every integrated circuit chip 10 simultaneously.

The transmission medium (the substrate 14 material)
must be of a material such that it passes enough diffused
light from the pulsed laser 16 to the integrated circuit
chip 10 sufficient to trigger the optical receiver 12. FIG.
2 shows the absorption edges for crystalline substrate
materials. The laser wavelength must be chosen both to 14
pass through the substrate with acceptable loss and to
match the characteristic of the optical receiver (a func-
tion of silicon junction absorption). Typically, a loss of
99.99%, or less, is sufficient to trigger the optical re-
ceiver 12 and is, therefore, acceptable. Thus, for stlicon 13
based receivers, the preferred wavelength is between
400 and 1200 nm, as this wavelength has the best silicon
junction absorption for triggering the receiver 12. Alu-
mina, mullite, cordievite, and other ceramic substrates
have no imherent absorption bands 1n this interval, and
so are compatible substrate materials.

Additionally, if the substrate material has a strongly
absorbing dopant, the substrate will be tinted, and so,
the wavelength must be selected to avoid absorption by 55
the dopant. FIG. 3 shows the absorption (extinction
coefficient) of light (wavelength) for several dopants.
For a substrate maternial with copper dopant, for exam-
ple, the wavelength should be 400-500 nm.
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There is no physical contact required between the
laser 16 and the substrate 14. While the distance be-
tween the laser 16 and the substrate 14 is not critical,
this distance should be chosen so that the laser beam
dispersion is not so wide that insufficient light reaches
the chip. However, it is preferred that the distance
between the laser 16 and the substrate 14 be less than 1
cm. If the substrate has more than one chip 10 clocked
by the laser 16, then the beam dispersion must be suffi-
cient to irradiate all of the clocked chips.

Optionally, for a substrate with very dense signal
wiring, small light vias may be left open to assure that
the beam penetrates the substrate 14 to provide suffi-
cient energy to the receiver.

Various modifications and alterations will occur to a
person of ordinary skill in the art without departing
from the scope and spirt of the present invention.

We claim:

1. A method of clocking at least one integrated circuit
chip mounted on a substrate comprising broadcasting a
pulsed laser at said substrate.

2. The method of claim 1 wherein said integrated
circuit chips are on a top said substrate surface and said
pulsed laser is broadcasted at a bottom said substrate
surface.

3. The method of claim 1 wheremn said integrated
circuit chips are on a top said substrate surface and said

pulsed laser is broadcasted at an edge of said substrate.
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